Products of the p63 gene, a recently described member of the p53 family, are constitutively expressed in the basal cells of human bronchi and bronchioli. The truncated isoforms of the p63 gene (⌬N-p63 proteins) counteract the apoptotic and cell cycle inhibitory functions of p53 after DNA damage, and this property is likely to be central in the cell renewal strategy of stratified epithelial tissues. To investigate the dysfunctional repair processes that characterize idiopathic pulmonary fibrosis/usual interstitial pneumonia (IPF/UIP), we immunohistochemically analyzed the expression of the transactivating and dominantnegative isoforms of the p63 gene on 16 tissue samples obtained from patients suffering from this disorder. In most IPF cases herein investigated, epithelial cells expressing ⌬N-p63 were observed at sites of abnormal proliferation at the bronchiolo-alveolar junctions, characterized by epithelial hyperplasia, squamous metaplasia, bronchiolization, and abnormal p53 nuclear accumulation. Similar features were not observed in normal lung and in samples taken from other pulmonary diseases used as controls, including acute interstitial pneumonia, idiopathic bronchiolitis obliterans organizing pneumonia, nonspecific interstitial pneumonia, and desquamative interstitial pneumonia. On the basis of these findings, we can hypothesize a new model for UIP pathogenesis, involving a deregulated development of mesenchymal-epithelial interactions and abnormal proliferation of epithelial cells at the bronchiolo-alveolar junction after cell injury. In our view, the progressive loss of alveolar tissue and lung remodeling after injury in IPF/UIP is concomitantly produced by pneumocyte loss and alveolar collapse on one hand and by progressive bronchiolar proliferation and architectural distortion on the other. (Lab Invest 2002, 82:1335-1345.
I
diopathic pulmonary fibrosis (IPF) is the most common and severe form of idiopathic interstitial pneumonia (American Thoracic Society, 2000; Katzenstein and Myers, 1998; Poletti and Kitaichi, 2001) . It is typically associated with the histologic features of usual interstitial pneumonia (UIP), and demonstration of the UIP pattern on a surgical lung biopsy specimen is useful for a definitive diagnosis (American Thoracic Society, 2000) . A chronic inflammatory process leading to alveolar injury and deregulated extracellular matrix deposition in the lung interstitium, with eventual parenchymal remodeling and irreversible loss of respiratory functions, have been thought to account for the pathogenesis of IPF/UIP. However, many questions regarding IPF/UIP still remain unsolved in terms of etiology, pathogenesis, and natural history. Recently, the "inflammatory theory" of IPF has been challenged. New pathogenetic hypotheses have been suggested, focusing on the abnormal proliferation of fibroblasts and myofibroblasts and on their primary role in causing abnormal wound healing after multiple, microscopic epithelial injury with eventual triggering of irreversible fibrosis (Selman et al, 2001 ). Moreover, new evidence has been provided pointing to a major role of dysregulated regeneration of epithelial cell components in pulmonary fibrosis, influencing stromal and vascular remodeling in affected areas (Keane et al, 2001; Kolb et al, 2001; Sheppard, 2001 ). This change in views seems particularly intriguing because it might provide the rationale for new therapeutic approaches, aimed at contrasting fibroblast proliferation and/or inducing fibroblast apoptosis (Selman et al, 2001; Ziesche et al, 1999) . Nevertheless, the centrality of fibroblasts/myofibroblasts in IPF/UIP still remains controversial and unproven. In addition, little is known about the precise nature, timing, and primary target of epithelial injury or the role of proliferative events of both the epithelial and stromal components after tissue damage.
The aim of this study was to evaluate whether derangement of cell renewal and tissue repair in lung diseases can be related to specific molecular patterns defined by abnormal expression of molecules involved in crucial pathways that regulate both cell fate and proliferation. The study was focused on the evaluation of the p53 pathway, searching for abnormal interactions occurring in situ between the expression of p53, its downstream effector p21 WAF1 , and p63, a recently described member of the p53 family. Our interest in this latter gene comes from the evidence that bronchial and bronchiolar basal cells constitutively express high levels of this peculiar molecule in their nuclei (Chilosi and Doglioni, 2001) . At variance with the alveolar compartment whose renewal is provided by type II pneumocytes, the cell renewal of bronchial and bronchiolar compartments is highly dependent on basal cells, specialized cells that remain in close contact with basal lamina through hemidesmosomes and that are characterized by peculiar morphology and phenotype, including the expression of highmolecular weight cytokeratins 5 and 14 (Boers et al, 1998; Evans and Moller, 1991) .
The p63 gene is a member of the p53 tumor suppressor gene family (Osada et al, 1998; Parsa et al, 1999; Yang et al, 1998) that plays an important role in the physiologic maintenance of different specialized epithelia (Mills et al, 1999; Yang et al, 1999) . Its gene functions are heterogeneous and complex because it undergoes splicing by alternative transcription from two different promoters, producing as many as six distinct isoforms that exert potentially contrasting effects on the same molecular and cellular targets (Yang et al, 1998) . Transactivating isoforms (the TA-p63 class) maintain a sequence corresponding to the transactivating domain of p53 and have in fact functions similar to p53 in inducing cell-cycle arrest (mediated by p21 WAF1 ) and apoptosis. The second class, on the other hand, includes forms lacking the NH 2 -terminal domain (⌬N-p63), produced when the p63 gene is transcribed from the cryptic promoter in intron 3. ⌬N-p63 forms act as dominant-negative agents toward transactivation by p53 and p63 itself, inhibiting the activity of p53 (Yang and McKeon, 2000) . When overexpressed, these molecular p63 variants can thus behave as oncogenic molecules. Accordingly, p63 gene amplification and overexpression of ⌬N-p63 have been demonstrated in primary lung carcinoma and other malignancies (Crook et al, 2000; Hibi et al, 2000 Hibi et al, , 2001 . Further complexity is provided by the recent demonstration of mutual influences occurring between p53 and p63, generated by the suppressing activity of p53 on dominant negative functions of ⌬N-p63 (Ratovitski et al, 2001 ). In addition, recent experimental evidence has been provided suggesting that the combined function of p63 and p73 is required for p53-dependent apoptosis in response to DNA damage (Flores et al, 2002) . Having considered all these facts, we hypothesized that the p63 gene products, through interference with the p53 pathway, may exert a relevant role in the abnormal process of tissue repair and remodeling occurring in IPF/UIP and also in the increased rate of malignant transformation observed in this disease (Kawasaki et al, 2001; Matsushita et al, 1995; Mizushima and Kobayashi, 1995; Turner-Warwick et al, 1980) . Using antibodies that specifically recognize either the transactivating TA-p63 or the truncated ⌬N-p63 isoforms (Hibi et al, 2000; Yang et al, 1998) 
Results

p63 mRNA Expression in Normal Lung
As shown in Figure 1 , both the truncated ⌬N-p63 (line 1) and the transactivating TA-p63 (line 2) mRNA forms were expressed, as determined by RT-PCR analysis on frozen tissue samples of normal lung tissue. No signal was detected in negative controls (line 3).
p63 Immunohistochemical Analysis in Normal Lung
In all normal lung samples, nuclear p63 expression was evident in the nuclei of bronchial and bronchiolar basal cells (Fig. 2a) . The expression was comparable as far as localization and intensity of immunostaining, using both the pan-p63 4A4 clone and the p40 antibody (double-positive, type I immunoreactivity pattern, corresponding to prevalent expression of truncated ⌬N-p63 forms). The basal cells were discrete in number, rarely forming contacts with each other. No reactivity was observed in any cell throughout the alveolar compartments using either anti-p63 antibodies (type III immunoreactivity pattern), with the exception of scattered, type II pneumocytes reacting with 4A4 antibody, or p40 antibody (type II immunoreactivity pattern, corresponding to expression of TA-p63 forms).
The expression of p53 and p21 WAF1 was either absent or barely detectable in all cell types. However, p27 KIP1 nuclear expression was evident in most bron- (Fig. 2b) , with heterogeneous immunostaining in basal cells.
Idiopathic Pulmonary Fibrosis Samples (IPF/UIP)
A synthesis of the results obtained in our study can be found in Table 1 and Figures 2 and 3 .
Bronchiolar Abnormalities. In most samples (14/16) the bronchiolar component appeared significantly increased in number and size, as revealed by morphology and cytokeratin immunostaining, extending peripherally toward the pleural surface (Figs. 2, c and d, and 3a) . In most samples of UIP, abnormalities were found to affect bronchiolar structures and alveolobronchiolar junctions, including bronchiolar hyperplasia and distortion, squamous metaplasia, basal cell crowding, and atypia (Table 1) . In a single case (Case 12), bronchiolar loss was observed, with scarred areas containing abundant remnants of smooth muscle, located near pulmonary arteries. Abnormalities involving basal cells including hyperplasia, crowding with focal formation of small nodules, enlarged nuclei, atypia, and abnormal location were poorly evident at morphologic evaluation using standard hematoxylin and eosin (HE) staining but were highlighted by p63 immunostaining (Fig. 2 , f, h, and i). In fact, a highly increased number of p63-expressing cells were found in bronchioles in the large majority of UIP samples. All these positive cells were characterized by the type I immunoreactivity pattern and were then considered as ⌬N-p63 positive. Abnormal location of ⌬N-p63-expressing cells was particularly frequent at the bronchiolo-alveolar junctions, where superficially located positive nuclei were often observed either scattered or forming small cellular rows. ⌬N-p63 immunostaining of superficial basal cells better visualized the distal extension of the so-called "bronchiolization," a process of migrating bronchiolar cells progressively colonizing alveolar spaces (Fig. 2i) .
Honeycomb Cell Characterization. A thorough investigation was performed to define the phenotype of honeycomb lung cysts and of restructured airspaces bordered by cuboidal epithelium and entrapped in areas of consolidation and dense fibrosis. In most cases (13/16; Table 1 ) we observed many lesions characterized as bronchiolar by the presence of ⌬N-p63-expressing cells. These honeycomb lesions were either lined by columnar epithelium or by large monostratified cuboidal cells ( 
TN ϩ FFN, tenascin ϩ fibroblastic foci; ILP, intraluminal polyps; UIP, usual interstitial pneumonia; BOOP, bronchiolitis obliterans organizing pneumonia; AIP, acute interstitial pneumonia; NSIP, nonspecific interstitial pneumonia; DIP, desquamative interstitial pneumonia.
[ ] number of cases. p53 Expression in Bronchiolar Lesions. When analyzed on serial sections or by double marker analysis, large proportions of ⌬N-p63-expressing basal cells coexpressed nuclear p53 in bronchiolar lesions (Figs.  2n and 3j ). The number of nuclei showing p53 accumulation was smaller than those expressing ⌬N-p63, representing 20% to 80% of basal cells. Interestingly, p53 expression was demonstrated in both early and advanced lesions, with p53ϩ basal cells identified in bronchioles exhibiting few morphologic abnormalities and also in severely affected structures and honeycomb cysts. Similar proportions of basal cells expressed p21 WAF1 , the downstream effector of p53 action. High proportions of cells forming honeycomb cysts (especially those formed by bronchiolar-type structures) showed accumulation of both p53 (Fig. 2n ) and p21 WAF1 (Fig. 2o ). At variance with normal bronchiolar cells that typically expressed high levels of p27 KIP1 (Fig. 2b) , this CDK inhibitor was heterogenously expressed in IPF/ UIP samples, where large negative segments could be demonstrated in bronchiolar lesions (Fig. 3l) .
Chilosi et al
Epithelium and Fibroblast Foci. To define the phenotype of the epithelial structures representing the target of ongoing injury and fibrosis, all samples were carefully searched for the presence of fibroblastic foci containing myofibroblasts. A large proportion of active fibroblastic foci detected on IPF/UIP samples by morphology and by immunostaining for tenascin and ␣-smooth muscle actin (␣-SMA) (Fig. 3, g and h) were associated with segments of atypical epithelium characterized by the bronchiolar phenotype, as defined by the expression of ⌬N-p63 and 34␤E12 cytokeratin (Fig. 3, c and i) and by the lack of surfactant and CC10.
Alveolar Epithelial Cells. When alveolar structures could be recognized in normal or partially affected zones of pulmonary parenchyma, both type I and type II pneumocytes were completely negative in ⌬N-p63-immunostained preparations, whereas a proportion of hyperplastic type II cells exhibited nuclear immunoreactivity when stained with the pan-p63 4A4 antibody (type II immunoreactivity pattern). This finding was considered as evidence of increased expression of the transactivating isoforms of p63 in pneumocyte regeneration. In the same areas, alveolar pneumocytes variably expressed p53 and p21 WAF1 .
BOOP
Organizing pneumonia samples were studied as controls because intraluminal fibroblastic foci are typically numerous in this usually self-limited lesion and may represent the normal wound healing model to be compared with irreversible lesions of UIP. In BOOP samples of our series, a consistent number of epithelial cells expressing TA-p63 were observed in affected alveoli, with a small proportion of hyperplastic type II pneumocytes exhibiting p53 nuclear accumulation. In addition, mural fibroblast foci covered by bronchiolar cells were absent in BOOP samples, and bronchiolar structures did not show significant basal cell abnormalities as observed in IPF/UIP (even in those samples where bronchiolar lumens were reached and distorted by inflammatory polyps).
AIP
A single surgical sample characterized by the typical histologic features of diffuse alveolar damage was available for this study. In this sample ⌬N-p63-expressing nuclei were strictly located within the basal layer of bronchiolar structures, and no morphologic or phenotypical abnormalities were documented at the bronchiolo-alveolar junctions. On the other hand, the alveoli were significantly affected, showing marked hyperplasia of type II pneumocytes that expressed enhanced nuclear levels of both p53 (Fig. 3o) and p21 WAF1 . A large proportion of these pneumocytes exhibited TA-p63 expression (as defined by the type II immunoreactivity pattern on serial sections; Fig. 3 , m and n). In the alveolar interstitium, which appeared diffusely widened, many myofibroblasts were observed, strongly expressing both ␣-SMA and tenascin.
NSIP and DIP
In all cases analyzed, no bronchiolar changes were observed either by morphology or p63 immunostaining. Reactivity of p53 was also limited to a few scattered cells. Fibrosis was interstitial and widespread. No abnormalities of expression could be documented for p27 KIP1 .
Discussion
In this study we provide evidence of a previously underestimated involvement of the bronchiolar epithelium and the bronchiolo-alveolar junctions in IPF/UIP, characterized by abnormal bronchiolar proliferation. Using immunohistochemical markers we demonstrated consistent cellular and molecular abnormalities affecting the bronchiolar compartment. In particular, we focused on the expression of the ⌬N-p63 isoforms of the p63 gene, a recently described member of the p53 family, which is constitutively expressed in basal cells and not expressed in normal alveolar pneumocytes. Analysis of p63 is particularly informative for several reasons: first, this molecule represents an extraordinarily specific biomarker for pulmonary basal cells (Chilosi and Doglioni, 2001 ), a cell type involved in airway cell renewal, thus providing useful information regarding the involvement of this cell type in epithelial repair and tissue remodeling in IPF/UIP. Second, the complex mechanisms used in the expression of this peculiar gene have been proven to provide signals of paramount importance for the regulation of survival and renewal of stratified epithelia (Osada et al, 1998; Parsa et al, 1999; Yang et al, 1998) , and its study could possibly clarify some aspects of the pathogenesis and natural history of IPF/UIP at the molecular level. In fact, the ⌬N-p63 N-terminal truncated isoforms are the main p63 isoforms expressed in many epithelia (Osada et al, 1998; Parsa et al, 1999; Pellegrini et al, 2001 ; Yang et al, 1998), and it is thus possible to argue Chilosi et al that their physiologic role is mainly related to their p53 antagonizing functions necessary for the survival of basal (stem) cells and renewal of differentiated epithelial cells.
In this study, using ⌬N-p63 as a marker together with other well-known pulmonary epithelial markers such as cytokeratins, CC10, and surfactant, we have highlighted specific features of IPF/UIP including basal cell hyperplasia and atypia as well as the involvement of ⌬N-p63-expressing cells in progressive alveolar colonization and honeycomb formation. None of these features were detected in samples of other diffuse lung diseases such as BOOP, NSIP, or AIP.
Another relevant finding of this study is the demonstration of a direct and recurrent bronchiolar injury, as documented in both early and advanced lesions by the nuclear accumulation of p53 and by the presence of fibroblast foci covered by segments of abnormal epithelium recognized as bronchiolar by immunophenotyping. This observation is at variance with previous observations (Paakko et al, 2000) and suggests that bronchiolo-alveolar junctions represent a relevant and specific target of injury in IPF/UIP. In fact, in other pulmonary diseases such as AIP and BOOP in our series, p53 accumulation was restricted to the alveolar compartment and bronchiolar basal cells did not show immunophenotypical abnormalities. These observations are consistent with a previous study on IPF demonstrating accumulation of p53 and p21 WAF1 in alveolar and bronchiolar cells corresponding to apoptotic activation as revealed by TdT-mediated dUTP nick-end labeling analysis (Kuwano et al, 1996) . Accumulation of p53 in affected nuclei is likely to be considered a common consequence of the triggering of the p53 pathway by genotoxic signals, oxygen compounds, or biochemical signals. At the alveolar level, when the injury is repetitive as in IPF/UIP, the overexpression of p53 can likely trigger cell cycle arrest and induction of apoptosis, ultimately leading to progressive alveolar loss. As suggested by our results, reinforcement of antiproliferative and apoptotic signals in IPF/UIP, BOOP, AIP, and also in normal lung could be provided by the expression of transactivating TA-p63 isoforms. In fact, in all these conditions, we were able to demonstrate a type II p63-immunoreactivity pattern in hyperplastic alveolar epithelium.
On the other hand, we can argue that in UIP the expression of the ⌬N-p63 isoforms in basal cells (see ⌬N-p63 immunostaining in Figs. 2 and 3) can counteract p53 activity, thus providing an excellent proliferative setting to bronchiolar cells. The occurrence of deranged cell-cycle regulation in UIP is confirmed by the abnormally low expression in bronchiolar lesions of p27 KIP1 , a potent and universal CDK inhibitor (Polyak et al, 1994) , and the concomitant overexpression of p21 WAF1 , presumably triggered by p53 in response to stress. This latter inhibitor can also promote the irreversible commitment to differentiation of epithelial stem cells, restricting their self-renewal potential (Dotto, 2000) . In IPF, bronchiolar cells are then characterized by a unique condition in which contrasting proliferative, apoptotic, and differentiation signals are simultaneously provided. Further studies are needed to investigate the possible role of this peculiar condition on the abnormal production of fibrogenic signals, such as platelet-derived growth factor, transforming growth factor-␤, and IGF-I by bronchiolar cells in IPF/UIP (Antoniades et al, 1990; Khalil et al, 1991; Uh et al, 1998) .
A final issue that needs to be taken into account is the possible role of ⌬N-p63 in the development of lung cancer in IPF/UIP (Kawasaki et al, 2001; Matsushita et al, 1995; Turner-Warwick et al, 1980) . Inactivation of the p53 function because of point mutations has been considered central to this transformation (Hojo et al, 1998) . Nevertheless, nuclear accumulation of p53 and expression of molecules induced after DNA damage, such as p21 WAF1 or GADD45, has been also demonstrated in a variety of pulmonary diseases other than IPF/UIP in which epithelial injury occurs, but increased cancer development is not a common feature. These conditions include diffuse alveolar damage, BOOP (as demonstrated in this study), collagen lung disease, and experimental conditions such as acute immune complex alveolitis or after bleomycin administration (Guinee et al, 1996; Kaminski et al, 2000; Kunitake et al, 1998; Kuwano et al, 1996 Kuwano et al, , 1997 Okudela et al, 1999) . According to our findings it is possible to speculate that at variance with all these conditions, IPF/UIP is characterized by the occurrence of p53 abnormalities in basal cells, in concomitance with ⌬N-p63 constitutive expression. It is thus possible to argue that ⌬N-p63 in IPF/UIP can contribute to the proliferative dysregulation of bronchiolar cells by counteracting the diverse functions of wild-type p53 in basal cells, thus inducing unchecked survival of abnormal clones, the emergence of genetic alterations, and the eventual development of malignancy (Hojo et al, 1998; Vassilakis et al, 2000) . This could be particularly true for ⌬N-p63-expressing cells, which become abnormally located in a nonbasal (superficial) position, as those described in our study in honeycomb cysts and bronchiolization. In fact, these cells can represent exceedingly exposed targets for exogenous mutagens (eg, in smoking patients), with a further increased risk of malignant transformation. In normal bronchial and bronchiolar basal cells, the hidden basal position could represent a means to avoid contact with potentially noxious agents, including tobacco smoke, transported by respiratory gases. Accordingly, the incidence of peripheral carcinoma is significantly increased in IPF/UIP (Hironaka and Fukayama, 1999) , including squamous carcinoma (Kawasaki et al, 2001 ), a cancer type that can be considered as typically derived from the basal cell transformation and characterized by p63 gene amplification (Hibi et al, 2000 ).
In conclusion, we can hypothesize that in IPF/UIP a complex scenario occurs, in which the expression of both p53 and its ⌬N-p63 antagonist in the same basal cells might provide contrasting stimuli for apoptotic regulation and cell cycle control, eventually causing deranged tissue renewal at the bronchiolo-alveolar junction with exaggerated bronchiolar proliferation and progressive alveolar colonization. In this view, a crucial feature of IPF/UIP is represented by the repetitive injury to the alveolar and "junctional" zones, triggering a differential re-epithelialization of bronchiolar and alveolar components as a result of their divergent strategies for cell renewal.
All these findings, taken together, can provide new pieces in the pathogenic puzzle of IPF/UIP, suggesting a new model. The pathogenesis of IPF/UIP has been the matter of many studies, and several different, not mutually exclusive, schemes have been proposed (Mason et al, 1999) . In particular, the previous, generally accepted models were focused on the progressive loss of alveolar tissue after injury, with eventual parenchymal remodeling (Fukuda et al, 1995; Katzenstein and Myers, 1998) . In our view this model is correct, but not complete, because it does not account for the evident bronchiolar abnormalities characterizing UIP samples and the central role of bronchiolo-alveolar junctions as peculiar targets of injury in IPF/UIP as described in this study.
On the basis of the observed abnormalities and proliferative features occurring in epithelial lesions characterized by bronchiolar phenotype (including ⌬N-p63 expression), we hypothesize that the severe parenchymal remodeling is concomitantly produced by pneumocyte death and alveolar collapse on one hand and the progressive bronchiolar proliferation with overgrowing airways extending distally toward the pleural surface on the other. The unbalanced signals produced by this overgrowing bronchiolartype epithelial tissue in the absence of counterbalancing signals from alveolar epithelium could contribute to the production of abnormal mesenchymal components, including collagen and smooth muscle fibers. In fact, because the mechanisms of cell renewal used by bronchioles and alveoli are different, it is possible to argue that these compartments should heterogenously respond to injury with their diversified repair mechanisms. An interesting comparison can be made between the bronchiolo-alveolar junctions and squamocolumnar junctions of the gastroesophageal tract as well as the cervical transition zone. In these tissues, in fact, two epithelial components characterized by different renewal strategies (one based on the presence of basal cells expressing ⌬N-p63) are joined together in transitional regions characterized by increased metaplastic and neoplastic transformation potential (Glickman et al, 2001; Kurita and Cunha, 2001; Quade et al, 2001) . A possible role of ⌬N-p63 isoform expression in the development of lung cancer in IPF/UIP is also emphasized and needs further evaluation.
Materials and Methods
Study Population
The study group consisted of 16 previously untreated patients with clinical, radiographic (chest radiograph and high-resolution computed tomography), physiologic, and bronchoalveolar lavage findings consistent with the diagnosis of IPF. Histologic examination of surgical lung biopsy specimens revealed all the major features of UIP, according to the recently defined criteria (American Thoracic Society, 2000) . In particular, heterogeneous appearance with alternating areas of normal lung were demonstrated, together with patchy interstitial inflammation, fibrosis, and honeycomb changes (American Thoracic Society, 2000; Katzenstein and Myers, 1998) . Five samples of normal lung (fragments of unaffected tissue from patients submitted to large excisions for lung carcinoma), 10 samples from patients with BOOP, 4 samples of NSIP, 1 sample of AIP, and 2 samples of DIP were analyzed as controls (Table 1) .
RNA Extraction and RT-PCR for p63
A previously described procedure was followed (Barbareschi et al, 2001) for RNA extraction and RT-PCR analysis of normal lung samples. Briefly, frozen normal samples of lung tissue were ground using a MikroDismembrator (B. Braun, Melsungen, Germany), and RNA was extracted using a guanidine isothiocyanate protocol (TRIzol Reagent, GIBCO BRL, Life Technologies, Gaithersburg, Maryland). After DNAse treatment, equal amounts of total RNA (1 g) were reverse transcribed into cDNA using random primers and Superscript First-Strand Synthesis System (GIBCO BRL, Life Technologies) according to the manufacturer's instructions. The human Gs␣ gene was used as endogenous control. PCR for p63 isoforms and Gs␣ was performed in a 25-l reaction mixture containing DNA template, PCR buffer (50 mM KCl, 10 mM Tris-HCl, pH 8.3), 1.5 mM MgCl 2 , 200 mM of each dNTP, 0.4 mM of each primer (human p63 TA upstream primer 5'-ATGTCCCAGAGC-ACACAG-3', downstream primer 5'-AGCTCATGGTTG-GGGCAC-3'; human p63 ⌬N-upstream primer 5'-CA-GACTCAATTTAGTGAG-3', downstream primer 5'-AG-CTCATGGTTGGGGCAC-3'; human Gs␣ upstream primer 5'-GTGATCAAGCAGGCTGACTAT-3', downstream primer 5'-GCTGCTGGCCACCACGAAGATGAT-3'), and 0.5 U TaKaRa TaqDNA polymerase (Takara Shuzo Company, Ltd., Japan). PCR was performed for 40 cycles consisting of 95°C for 30 seconds, 60°C for 30 seconds, and 72°C for 1 minute. The resulting amplification products were then analyzed by agarose gel electrophoresis. Fresh-frozen lung samples of patients with UIP were not available for RT-PCR studies.
Immunohistochemical Staining and Antibodies
Lung tissue specimens were fixed in 4% buffered formaldehyde for at least 24 hours and then embedded in paraffin. Three-to 4-m-thick sections were cut and mounted on adhesive-treated glass slides, paraffin was removed, and slides were rehydrated with descending concentrations of ethanol. Sections were treated for antigen retrieval and immunostaining as previously described (Chilosi et al, 1993) . Briefly, sections were immersed in 0.01 M citrate buffer (pH 6) and microwaved for 30 minutes at 750 W, then kept for 15 minutes at room temperature before further PBS washing and immunostaining performed using a sensitive avidin-streptavidin-peroxidase technique (BioGenex, San Ramon, California). All samples were processed using a semiautomated cell staining system (Optimax; BioGenex) and standardized procedures.
Antibodies
A panel of antibodies was selected to thoroughly investigate the molecular network regulating epithelial cell renewal after injury. We thus analyzed consecutive sections of all cases of UIP and controls of our series with the following: pan-p63 mAb (mAb clone 4A4, IgG2a; Santa Cruz Biotechnology, Santa Cruz, California), raised against amino acids 1 to 205 of the p63 gene, reacting broadly with all known variants of human p63; p40 antibody (Oncogene Research Products, Boston, Massachusetts), a polyclonal rabbit antiserum generated by immunization with a peptide corresponding to amino acids 5 to 17 of human p63 gene and recognizing the truncated ⌬N-p63 isoforms lacking the transactivating domain and acting in a dominant-negative fashion on p53 function (Hibi et al, 2000) ; p53-specific mAb (clone DO-1; Dako, Glostrup, Denmark); mAb recognizing p21 WAF1 (clone SX118; Dako); and mAb recognizing p27 KIP1 (KIP-1, 1:1000; Transduction laboratories, Lexington, Kentucky).
To describe more precisely the complex distribution of p63 isoforms in a given cell population, we defined four immunoreactivity patterns: type I pattern, corresponding to prevalence of truncated ⌬N-p63 isoforms, was assigned to cell populations reacting with both 4A4 and p40 antibodies at the same intensity; type II, corresponding to transactivating TA-p63 expression, was assigned to cell populations reacting with 4A4 antibody but negative on serial sections with the p40 antibody; type III, double negative, corresponded to cell populations not expressing p63 at the level of sensitivity of the immunohistochemical technique. As expected, type IV immunoreactivity with p40 antibody alone was never encountered.
To better define the nature and differentiation level of the epithelial and mesenchymal cells involved in the different pulmonary lesions, we also used antibodies recognizing different relevant markers: low-molecular weight cytokeratin 8/18/19 (clone 5D3; BioGenex); 34␤E12 clone (Dako) recognizing high-molecular weight cytokeratins; urine protein 1, a rabbit antibody (Dako) recognizing CC10 antigen in Clara cells; surfactant mAb (clone PE-10; Dako) recognizing surfactant; 1A4 mAb (Dako) recognizing ␣-SMA (no antigen retrieval); and TN2 mAb (Dako) recognizing tenascin, used to better evaluate and quantitate the presence of myofibroblasts and fibroblastic foci (Chilosi et al, 1993; Kuhn and Mason, 1995) . Only nuclear staining was interpreted as positive for p63, ⌬N-p63, p53, p21 WAF1 , and p27 KIP1 . The expression of these molecules was scored by evaluating the intensity of each immunostaining, compared with internal positive and negative control cells, and by counting the percentage of positive nuclei in representative high-magnification microscopic fields. Different histologic features were highlighted by ⌬N-p63 immunostaining, and a score was given based on the frequency (Ϫ absent; ϩ present; ϩϩ frequent; ϩϩϩ very frequent). These features included alveolar bronchiolization (defined by the presence of ⌬N-p63 nuclei bordering alveolar spaces), atypical basal cells (⌬N-p63ϩ basal cells characterized by abnormally large nuclei), bronchiolar hyperplasia, and honeycombing (bronchiolar immunophenotype: ⌬N-p63ϩ, 34␤E12ϩ, CC10 negative, surfactant negative). The comparative expression of different molecules was evaluated on serial sections and, when necessary, with double-marker analysis, performed as previously described (Chilosi et al, 1998) .
